Abstract. Third-and fourth-stage larvae of Contracaecum variegatum (Rudolphi, 1809) are described from specimens collected from the stomachs of the Thick-billed Murre (Uria lomvia ), Common Murre (U. aalge ), and Tufted Puffin (Lunda cirrhata) from the Bering Sea. The Tufted Puffin is a new definitive host for C. variegatum. Almost all of the seabirds examined were infected with a relatively high intensity with C. variegatum. It would therefore appear that this parasite is a very common and abundant nematode of seabirds in the Bering Sea. Contracaecum yamaguti (Mawson, 1956 ) is considered a junior synonym of C. variegatum. An adult of Contracaecum sp. with an aberrant ventricular appendix is described based on one fragment of a specimen from the stomach of the Common Murre.
Introduction
Contracaecum variegatum was originally described as Ascaris varieagata by Rudolphi (1809) from the type host, Red-throated Drives Gavia stellata, in Greifswald, Germany. The nematode had been regarded as a junior synonym of Ascaris spiculigera Rudolphi, 1819 (=Contracaecum rudolphii Hartwich, 1964 for a long time. However, based on re-examination of the type material, Hartwich (1964) established these nematodes as valid species and transferred them to the genus Contracaecum Railliet et Henry, 1912 . Hartwich (1964 , 1975 ) also regarded four species of Contracaecum, i. e., C. magnipapillatum Chapin, 1925 (from Black Noddies Anous minutus [as Megalopterus hawaiiensis], Hawaii), C. torquatum Yamaguti, 1935 (from Common Gulls Larus canus, Japan), C. oschmarini Mozgovoy, 1950 (from Thick-billed Murres Uria lomvia, Kamchatka), and C. magnicollare Johnston et Mawson, 1941 (from Brown Noddies Anous stolidus, Queensland), as junior synonyms of C. variegatum. However, a new and different view on the synonymy of C. variegatum was recently published by Fagerholm et al. (1996) , who thought that both C. magnipapillatum and C. magnicollare are conspecific and differ-entiated from C. variegatum. They also stated that the status of C. torquatum and C. oschmarini remains uncertain.
During examination of a nematode collection from seabirds collected in the Bering Sea, we found adult and larval C. variegatum and adult Contracaecum sp. (fragment only). Adult mature specimens of C. variegatum in our collection are morphometrically identical with a detailed redescription made by Hartwich (1964 Hartwich ( , 1975 . Our larval specimens of C. variegatum included third-and fourth-stage larvae, some of which were found in the molting process. As our knowledge on the life cycle of this species is limited, we here describe the larvae. Morphological information on the larvae, especially that of third-stage larvae, may be useful when larval C. variegatum are found in its intermediate or paratenic hosts. An adult Contracaecum sp. is also briefly described. were made with the aid of a camera lucida. Measurements are given in millimetres. Voucher specimens are deposited in the National Science Museum, Tokyo (for C. variegatum NSMT-As 2834 and 2835 from the Thick-billed Murre; NSMT-As 2832 from the Common Murre; NSMT-As 2836 from the Tufted Puffin; and for Contracaecum sp. NSMT-As 2833 from the Common Murre).
Results
Contracaecum variegatum (Rudolphi, 1809) Description of fourth-stage larvae (based on 10 male and 10 female specimens in the molting phase, from the Thick-billed Murre) Cuticular sheath distinctly separated from larval body, in some specimens already broken on head and cervical parts which are then loose. Cephalic end with three fully formed lips and with three interlabia (their peaks slightly bifurcated). Excretory pore situated at level of lip base. Cervical collar formed by transverse striation of cuticle present. It is formed by 15-18 transverse striae forming the characteristic cuticular denticulation, with peaks oriented anteriorly. Sex differentiation evident. Caudal papillae and spiculae discernible in males, and location of vulva, vagina, and uterus (without eggs as yet) discernible in females. Distinct mucron present in both sexes. 
Prevalence and intensity of infection
All of 23 (prevalence=100%) Thick-billed Murres (18 in 1976 and 5 in 1977) were infected with larval and/or adult C. variegatum. Only two (9%) birds harboured both adults and larvae, and the remaining 16 (70%) and five (22%) birds had infection with adults and larvae, respectively. Intensity of infection with adult worms ranged from 1 to 37 (mean 8.9), and females prevailed males in adult specimens (97 females/161 adults, 60%). Intensity of larval infection ranged from 1 to 6 (mean 3.2) except for one case, in which as many as 181 larvae were found in a single bird. Three of the 18 Thick-billed Murres collected in 1977 were also infected with the acuariid nematode Stegophorus stellaepolaris (Nagasawa et al. 1998) . Two Common Murres (1 in 1976 and 1 in 1977) were infected each with 45 larval C. variegatum and one adult Contracaecum sp. (fragment) (prevalence=50% for each parasite). All of 13 (100%) Tufted Puffins (all in 1976) were infected with larval C. variegatum. Intensity of infection usually ranged from 3 to 73 (mean 24.0), but two birds harboured 632 and 672 (mean 652.0) larvae, individually. No adult C. variegatum was found in these two species of seabirds.
The worms had their extremities embedded in the lining of the host's stomach. Although pathological observations were not for all birds, there were ulcerated nodular lesions in the stomach of a Tuffed Puffin infected with 632 larvae.
Discussion
We identified larval and adult contracaecine nematodes from Bering Sea seabirds as C. variegatum based on redescriptions given by Hartwich (1964 Hartwich ( , 1975 ) for this species. There was a full conformity in morphological feature, such as in the shape of lips, bifurcated interlabia, cervical collar, intestinal caecum, and ventricular appendix, in the distribution of caudal papillae and sharply pointed distal end of spiculae in males, and in the shape of tail end with a distinct mucron of females. Metrical features, mainly for fourth-stage larvae in our material, correspond or very close to lower limits of variability reported for mature worms of C. variegatum.
Our findings of C. variegatum from Tufted Puffins represent a new host record. The hitherto known definitive hosts of C. variegatum are the following fish-eating birds (cf. Barus et al. 1978) : Great Northern Divers Gavia immer, Red-throated Divers G. stellata (family Gaviidae), Black-legged Kittiwakes Larus (as Rissa) tridactyla, Common Gulls L. canus, Great Black-headed Gulls L. ichthyaetus (family Laridae), Razorbills Alca torda, Common Murres Uria aalge, and Thick-billed Murres U. lomvia (family Alcidae).
Yamaguti (1941) described Contracaecum sp. from Goosanders (Mergus merganser) collected in Japan. Mawson (1956) found the same nematode parasite in the same host in Canada and described it as a new species, C. yamaguti. Since there are no significant morphological differences between C. yamaguti and C. variegatum, we propose that C. yamaguti is a junior synonym of C. variegatum. Fagerholm et al. (1996) published a revisional study of contracaecine nematodes from three species of the genus Anous from Australia. In comparison of their material with type specimens of C. magnipapillatum, they accepted this taxon as a valid species and regarded it as a senior synonym of C. magnicollare. This conclusion is different from the opinion of Hartwich (1975) who considered that both species are conspecific and identical with C. variegatum. However, we think that Fagerholm et al.'s suggestion is acceptable. Fagerholm et al. (1996) examined specimens of C. variegatum and confirmed the similarity between this species and C. magnipapillatum, especially in the features of the mail tail. However, C. magnipapillatum is differentiated from C. variegatum based on the morphology of the finger-like interlabia lacking a proximal bifurcation and of the lips having lateral auricles forming inwardly bent hook-like extensions. There is no doubt that our specimens are very close to C. variegatum. In addition to the particular and different form of interlabia, C. variegatum possesses a distinct mucron on the tail tip in both sexes and the distal end of spicules of males is always sharply pointed (Hartwich 1964 , Barus et al. 1978 .
In the connection with the richness in species of the genus Contracaecum, we think it necessary to pay attention to the presence of the cuticular collar posterior to the base of lips. The presence or absence of this feature enables to distinguish two different groups of species within this genus. We assume that this character may have a higher taxonomic importance.
As to Contracaecum sp. described above, the exact species identification was impossible because we had only one fragment specimen of the anterior body. However, the specimen had the unique morphological feature which was the anterior orientation of the ventricular appendix. This is a very rare feature in species of the genus Contracaecum. Only two similar cases exist in the literature: Karokhin (1949) and Berland (1981) found the aberrant anterior orientation of the ventricular appendix in an adult specimen of C. ovale (Linstow 1907 ) and a third-stage larva of Contracaecum sp., respectively. Moreover, Deardorff (1982) reported a case of the posteriorly directed intestinal caecum in Contracaecum sp.
The reciprocal length ratio of ventricular appendix and intestinal caecum may be (Rudolphi,1809) , C. micropapillatum (Stossich, 1890), C. osculatum (Rudolphi, 1802) , and C. ovate, the ventricular appendix is longer than the intestinal caecum, and the length ratio is thus lower than 1 : 1 (Moravec 1994) . For third-stage larvae of C. rudolphii, the length ratio is about 1: 3, ranging from 1: 2.9-3.5 (Moravec 1994) , and for those of C. variegatum, the ratio is 1: 1.5-1.9 (present study). Thus, C. variegatum third-stage larvae can be distinguishable from those of other species based on the length ratio of ventricular appendix and intestinal caecum. There are also differences in the shape of cephalic end between third-stage larvae of both C. variegatum and C. rudolphii. It has been reported that nematodes of the genus Contracaecum infecting the stomach of seabirds induce various pathological lesions (Fagerholm 1996) . We actually found ulcerations in the heavily infected stomach of a Tuffed Puffin. Similar observations were made by Fagerholm et al. (1996) for Black Noddies infected with C. magnipapillatum from the Great Barrier Reef, Australia. As our knowledge is very limited about the pathogenicity of seabird-infecting nematodes (Fagerholm 1996) , more study is needed to assess their impact on the host at both individual and population levels.
Our study shows that all of the seabirds examined, except for one Common Murre, were infected with a relatively high intensity with C. variegatum. This indicates that the parasite is a common and abundant nematode of seabirds in the Bering Sea. In addition, larvae of C. variegatum were frequent and sometimes abundant in our samples. The seabirds were collected in June and July, which suggests that these months are the parasite's major recruitment season to definitive seabird hosts from intermediate or paratenic hosts. If this is true, it seems that seasonal changes in feeding intensity and food composition of the seabirds are related to seasonal variations in the parasite's recruitment. Parasitological examination of food animals of the seabirds, such as planktonic invertebrates and epipelagic fishes, should be made in order to elucidate the life history of C. variegatum.
